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Abstract:

[Background] Cardiovascular and cerebrovascular diseases top the general causes of death
among Chinese residents. However, current research focuses more on economically developed
or heavily polluted areas, and the research results are inconsistent across regions.
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[Objective] This study investigates the impact of major atmospheric pollutants (PM,s, PMy,, SO,;, NO,, CO, and Os) on the number of
hospital outpatient visits for cardiovascular and cerebrovascular diseases in Luoyang of Henan Province from 2016 to 2018.

[Methods] Outpatient information of cardiovascular and cerebrovascular diseases, atmospheric pollutant concentration data, and
meteorological data in Luoyang from January 1, 2016 to December 31, 2018 were collected. Generalized additive models (GAMs) were
chosen to construct single-pollutant models, double-pollutant models, and stratified models of age, gender, and season. The relative risks
(RRs) and 95% confidence intervals (Cls) of single-day and cumulative lag effects were estimated.

[Results] There were a total of 208355 cardio-cerebrovascular disease outpatient visits in Luoyang from 2016 to 2018. PM,s and PMy,
daily concentrations exceeded the national standard limits for 277 and 82 d respectively, followed by NO,, CO, and O; which were
unqualified for 48, 9, and 8d, respectively, and SO, did not exceed the standard. The single-pollutant models showed that the best lag
days for PM,s, PMy, SO,, NO,, CO, and Os were lag0, lag3, lagb, lag2, lag0, and lag04, and the corresponding RRs and 95% Cls were 1.002 4
(1.0011-1.0037),1.0017 (1.0010-1.0025), 0.9767 (0.9696-0.9840), 1.0277 (1.0236-1.0319), 1.0006 (1.0004-1.0007), and 1.0041 (1.0014-1.0069),
respectively. In the double pollutant models, there was no significant difference in the effect values of each pollutant before and after the
introduction of other pollutants (P>0.05). The results of gender stratification and age stratification analyses showed that NO, was the most
affecting pollutant. The best lag days of NO, on the outpatient volume of cardio-cerebrovascular diseases in men and women were lag2 and
lag01, and the corresponding RRs and 95% Cis were 1.0293 (1.0235-1.0351) and 1.0277 (1.0218-1.0335), respectively. The best lag days of
NO, affecting the number of outpatient visits of cardio-cerebrovascular diseases in patients aged 0-40, 41-65, and over 65 years were lag4,
lag3, and lag2, and the corresponding RRs and 95% Cls were 1.0359 (1.0009-1.0720), 1.0277 (1.0215-1.0339), and 1.0311 (1.0255-1.0367),
respectively. The results of seasonal stratification analysis showed that the maximum effects of PM,s, SO,, NO,, and CO appeared in spring,
and the corresponding RRs and 95% Cls were 1.022 0 (1.018 8-1.0253), 1.0733 (1.0570-1.0899), 1.0626 (1.053 1-1.0721), and 1.0015
(1.001 1-1.0019), respectively; the maximum effects of PM;, and O; appeared in summer, and the corresponding RRs and 95% Cls were
1.0130 (1.0089-1.0171) and 1.0184 (1.0133-1.023 5), respectively.

[Conclusion] The increase in the concentration of major atmospheric pollutants (PM,s, PMio, NO,, CO, and 0s) in Luoyang from 2016 to
2018 may lead to an increase in the number of outpatient visits for cardio-cerebrovascular diseases. Among them, NO, may produce the
highest risk. All these pollutants have lag effects.

Keywords: air pollutant; cardiovascular and cerebrovascular diseases; generalized additive model; daily hospital outpatient visit; time-
series analysis
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in Luoyang from 2016 to 2018
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Table 2 Spearman correlation coefficient between air pollutants and meteorological factors in Luoyang from 2016 to 2018
KSR S KA F PM; 5 PMyo SO, NO, 03 co HIRE HIgHETEE  HERR
PMzio 0.916° 1
0> 0.472° 0.541° 1
NO2 0.643? 0.661° 0.655° 1
0s -0.389° -0.369° -0.330° -0.622° 1
co 0.572° 0.463? 0.4117 0.404° -0.247° 1
HIRE -0.421° -0.430° -0.463? -0.5312 0.798° -0.170° 1
HIHETEE 0.019 -0.182° -0.566° -0.257° -0.009 0.213° 0.204° 1
HIgXE -0.038 0.080% -0.074° -0.123% 0.044 -0.342? -0.148° -0.263? 1
BISE 0.310° 0.341° 0.437° 0.496° -0.726° 0.093° -0.90° -0.251° 0.081°
[3]a: P<0.05;b:P<0.0Lo
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FRTRE TS & G0 oo EneoTh 5 Rt g o= -
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[GEIA :PMys; B PMyy; C:SO,; D:NO,; E:CO;F:Os co 0.9689 (0.9612~0.9767) **
Bl 2016—2018 F&ATHAS TR B RO MM E &R 0 0.9768 (0.9695~0.9841) ™
N2 EREM MRS RYIERIL NO, (lag2) - 1.0277 (1.0236~1.0319) ™"
Figure 1 Single-pollutant model results of lag effect of air PMas 1.0402 (1.0351~1.0454)
pollutants on outpatient visits for cardio-cerebrovascular diseases "
. PMio 1.0346 (1.0297~1.0400)
in Luoyang from 2016 to 2018 -
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b S N
0.916, NERIRE R L EH LM R, NSRYIEE PV, 1.0008 (1.0007~1.0010) **
FZREIBTS| N PMy 5 PM,so B& PM,s 1 PMy 23515 I PMio 1.0008 (1.0006~1.1010) **
NO, H1COSh, HAEBRIIBEABARIYESIE 10009 (100031.0010)
NO 1.0003 (1.0002~1.0005) **
B X (P<0.05), LFE 3, . .
0s 1.0004 (1.0003~1.0006)
2.5 SESH 0; (lag04) - 1.0041 (1.0014~1.0069) "
251 MHIDE MAMNPBERIMNMKAFTT, PMas PM,s 1.0038 (1.0011~1.0066) **
PMiov SO, NO,. CO. O; X BB R & E 7% EHTiE] PMuo 1.0047 (1.0020~1.0074) *
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3579 lag3. lag3. lag05. lag2. lag3. lag04, XJRZHYRR ’ —
NO, 1.0080 (1.0051~1.0110)
K2 B 95% C1 43 %! 79 1.0037 (1.0018~1.0055). 1.0025 © Ty ——

(1.0014~1.0036). 0.9793 (0.9691~0.9896). 1.0293
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Table 4 Maximum lag effect of air pollutants on outpatient
volume of cardio-cerebrovascular diseases among residents of
different genders in Luoyang from 2016 to 2018

St wit

Ve S FEyre
fEAEl RR (95%CI) [ RR (95% CI)
2 HIBEM

PM,, lag3 1.0037 (1.0018~1.0055) °  lag0 1.0028 (1.0010~1.0047) *
PMy,  lag3 1.0025(1.0014~1.0036) ©  lagd 1.0017 (1.0006~1.0028)
SO,  lags 0.9788 (0.9686~0.9891) ©  lags 0.9807 (0.9704~0.9911) *

NO, lag2 1.0293 (1.0235~1.0351) lagl 1.0276 (1.0218~1.0335) *

co lag3 1.0007 (1.0005~1.0008) *  lagd 1.0005 (1.0003~1.0007)
0: lagd 1.0039 (1.0001~1.0077) *  lag7 1.0063 (1.0025~1.0102)
RV ENL

PM,s lagd3 1.0034 (1.0016~1.0053) " lag0 1.0028 (1.0010~1.0047)
PM; lagd3 1.0024 (1.0013~1.0035) * lagd 1.0017 (1.0006~1.0028) *
SO, lagd5 0.9793 (0.9691~0.9896) *  lag06 0.9804 (0.9700~0.9908) "
NO, lagd2 1.0292 (1.0234~1.0350) ©  lag01 1.0277 (1.0218~1.0335) "
co lagd3 1.0006 (1.0005~1.0008) * lagd 1.0005 (1.0003~1.0007) *

O; lag04 1.0039 (1.0001~1.0078) *  lag07 1.0063 (1.0025~1.0102) "

[3E] * : P<0.050

&5 2016—2018 FBFAH AR SR FREFELR E R ORI E &R 112 EBHNRAF G

Table 5 Maximum lag effect of air pollutants on outpatient volume of cardio-cerebrovascular diseases among residents of

different ages in Luoyang from 2016 to 2018

0~40 %

41765 % >65 %

EESY)

=ERHEE RR (95%CI)

REHENE

RR (95% CI) wR{EFEETE] RR (95%CI)

BRBEMN

PM,5 lag6 1.0118 (1.0008~1.0229) * lag0
PMyo lag6 1.0062 (0.9997~1.0128) lag3
SO, lag7 1.0294 (0.9963~1.0967) lag6
NO, lagd 1.0359 (1.0009~1.0720) * lag3
co lag5 1.0017 (1.0006~1.0027) * lag0
0, lag6 0.9779 (0.9565~0.9998) " lag0
RIHEMR
PM,5 lag06 1.0117 (1.0008~1.0228) * lag0
PMyo lag06 1.0062 (0.9997~1.0128) lag03
SO, lag07 1.0291 (0.9660~1.0963) lag06
NO, lag04 1.0357 (1.0007~1.0718) lag03
co lag05 1.0017 (1.0006~1.0027) lag0
0, lag06 0.9778 (0.9564~0.9997) lag0

1.0029 (1.0009~1.0048) * lag2 1.0024 (1.0006~1.0041) *
1.0017 (1.0005~1.0028) * lag2 1.0021 (1.0010~1.0032) *
0.9806 (0.9695~0.9917) " lag2 0.9797 (0.9700~0.9895) *
1.0277 (1.0215~1.0339) lag2 1.0311 (1.0255~1.0367) *
1.0005 (1.0003~1.0007) * lago 1.0006 (1.0004~1.0008) *
0.9954 (0.9914~0.9995) * lag4 1.0046 (1.0009~1.0083) *
1.0029 (1.0010~1.0048) * lag02 1.0024 (1.0006~1.0042) *
1.0016 (1.0004~1.0027) * lag02 1.0021 (1.0010~1.0031) *
0.9801 (0.9690~0.9912) * lag02 0.9795 (0.9698~0.9893) *
1.0250 (1.0188~1.0312) lag02 1.0310 (1.0254~1.0366) *
1.0005 (1.0003~1.0007) * lag0 1.0006 (1.0004~1.0008) *
0.9954 (0.9914~0.9995) * lag04 1.0047 (1.0010~1.0084) *

[3E] * : P<0.05,

253 ENNE ENHBEARER, PMys. SO NO,
MCOmAMMELMESSE, REFENEDZFA
lag03. lagl. lagl. lag03, X Y B9 RR Kz H 95% CI 53 71
791.0220(1.0188~1.0253) . 1.0733 (1.0570~1.0899) «

1.0626 (1.0531~1.0721). 1.0015 (1.0011~1.0019) ;
PMoFl O A BEHIEE S, REHGIEISD
34 lagl. lags, TR B9 RR I H 95% CI 9351189 1.0130
(1.0089~1.0171). 1.0184 (1.0133~1.0235), Nl 6,
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Table 6

Maximum lag effect of air pollutants on outpatient volume of cardio-cerebrovascular diseases in different seasons

in Luoyang from 2016 to 2018

eSS g #* %
R éﬁg RR (95%CI) Eaéﬁg RR (95%CI) RN éﬁ;g RR (95%CI) iﬁé RR (95%CI)

BHBEMA BHRAGEEMNS

PM, 5 lag2 1.0218 (1.0186~1.0250) *©  lagl  1.0194 (1.0126~1.0262) * || PM,s lag5  0.9933 (0.9898~0.9967) °  lagl 0.9969 (0.9950~0.9989) *

PMso lag2  1.0078 (1.0064~1.0092) ©  lagl  1.0130 (1.0089~1.0171) * || PMyo lags 09961 (0.9941~0.9981) °  lagé  0.9985 (0.9972~0.9999) "

S0, lagl 1.0733 (1.0570~1.0899) *  lag6  0.9384 (0.9082~0.9698) * || SO, lag7  0.9783 (0.9583~0.9987) " lag6  0.9831 (0.9716~0.9949) "

NO, lagl 1.0626 (1.0531~1.0721) ©  lag2  0.9835 (0.9685~0.9986) “ | NO, lag7  1.0120 (1.0026~1.0214) ©  lagl 1.0394 (1.0326~1.0462) "

co lag2 1.0014 (1.0010~1.0019) ©  lagd  1.0008 (1.0003~1.0013) * || CO lagé  0.9992 (0.9990~0.9995) °  lagl  1.0004 (1.0002~1.0006) "

0; lags 1.0135(1.0075~1.0196) *  lagé  1.0184 (1.0133~1.0235) " | O, lagé  1.0173 (1.0093~1.0253) ©  lag0  0.9759 (0.9670~0.9849) "
RIRHEH RRRAHERELD

PM,s  lagd3 1.0220 (1.0188~1.0253) * lagd5 1.0132 (1.0064~1.0201) *| PM,s  lagd7 1.0040 (1.0005~1.0074) ©  lagd5 0.9933 (0.9899~0.9967) "

PM;,  lagd3 1.0078 (1.0064~1.0092) ° 1ag03 0.9903 (0.9861~0.9945) || PMi  lagd7 1.0028 (1.0008~1.0048) *  lag05 0.9961 (0.9940~0.9981) *

SO, lagdl 1.0757 (1.0597~1.0921) ©  lag01l 0.9464 (0.9149~0.9789) " || SO, lagd7 0.9713 (0.9519~0.9911) ©  lag06 0.9119 (0.8935~0.9306) "

NO, lag0l 1.0594 (1.0501~1.0687) ° lagd7 1.0208 (1.0022~1.0397) “|| NO, lag07 1.0173 (1.0083~1.0264) ©  lag07 1.0092 (1.0026~1.0158) "

co lag03 1.0015 (1.0011~1.0019) ©  lag0  1.0008 (1.0003~1.0013) “|| CO lagd7 1.0003 (1.000 9~1.0006) ©  lag07 0.9993 (0.9991~0.9996) *

(o lagd4 1.0134 (1.007 4¥1.0194) ©  lag05 1.0173 (1.0119~1.0330) *|| 0 lagd7 1.0182 (1.0101~1.0264) *  lagd4 1.0168 (1.0088~1.0248) "

[E] * : P<0.05,

3 g

AR BT 2016 FF1 8 1 H —2018F 12 A
31AARSSRYIREN StE R ORI ERRK 112
ENHNEFIIDTERER, ZEERMREX 128
EBEM, BEEHGEMN. WangE W IR L,
FEMXABEETRERENTREEYMSCR
[ 28 B M AR B BXES 16 1T 53 55 0B I B AE KA & W)
HASE X, TIEY WAKREFTEYS OMIME
TR TZEZEIXAZNHAREZI | PMose PMio. SO
NO,. CO FYEE B # 5 %R 1E lag0 £x 58, RARH /5L
7£ lag06 BX5& ; PM,s. PMyo. SO, NO, B RRERE S
10 10pg-m?, O BMEREE I 0.10mgm?, B H
wEREEROKMEREEI1I2E57 53500 0.42%.
0.26%. 0.92%. 1.84%, 0.44% ; R A7 5 1R 8 fh 0\
MEEFEBEI]I2E 57 53E H00.61%. 0.37%. 1.35%.
2.89%. 0.82%, SR OINMEFERI JIZEF
MR B9 3R K F BRI O R (B Li ¥ S b Ry
MRLERKA, PM,s BIRERESHS 10pugm?,
DIMEERKIIIZEE N 0.74%, EEHE Y xFifth
MR A, PMys. PMio. SO.. NO, YR ERE S
1IN 10 pg-m?, OIRME R 11222 AL N 0.27%.
0.35%. 0.69%. 0.39%, FEIMX A REREFEE
5, JRERBTEARAERMS. AXER. HEEREF
EIFTER Y,

NIRRT RYIE R ER B R, 58 5RYIE

BUAELL, BISRYMSINERSRYENSEREARRE
—5, RARTRAYERREERL 2w, HRINE
FZRETeMTRYNBLNEMBPERITERN,
E A PM,s. PMy. NO,w COXTE M TIZER MBI RRE
K, BZMREFEHHIER ; SO, WL NZER
M RRE AR, BEEMREFRSHEHNER, MaF"™
SRR LI, PM, s KEF+ = SEER I OE
RAEMENZELZTEN, MBEMNORRELE
EeFk, BB onNERRNRETEREETF
7. KINEZE ™ & MIRRF MBS F &S FMARME
AMABBORMEZRING, HPBMMEERSL
BIRAERTF %, WAL HIRE S F L%,

AR TFER D BENERER, 405 LI EAEF
N2 ENREHGNEIRET 405 LUTARE, Hfes %
U EABEINZEREHENEENELIdURN, 574
HRERBM, MaFEC HREAD, ILEH PM,s XF
I ERRI B EMNE 60~75 AR RE T
PM,s. PMio. NO,. COXEEZFRNT ALY, HIRER
=i, EEAERIRERIMN, BRESZEXK, M
40 % LI FABRTIEFEIFRRA, HLOERIMNH
BE, AEMNEES ; W TFAZHERIEN0,5R,
EZFEARRBERIVRDINENESE, BEXAEREZEES
B4R, A o, MmN EERS, BERAR
RN BB R e,

KRANET D REERRKRE, PM,s. SO0 NO,
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